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m) Biosensor dsvtee 

jn^y^aiiQn ynatgffjai on a silicon substrain 1 and «n immobilized raagerst 13 oontaNag an costed ov^r tha pair o- 

<?ondyqtors, Admm dl an anaJyl^ to th© reag^m malsnal causes a m^^bn vmym ®^s<^rfcal or a th^rmareharACi^nstic 
which Is measured odhgth^ ccndm 12. Tm m^studng tsshrnqye maty m 
AC fssistsiica. l^mpamt^re eharsgs by resistance thermom^ry ar ^^^^^^ 

an^ij^fam^try using a DO applied potential A reference sansor may be sncorporsted on the siibstrate. VsHous siij^abje 
^2:y m^s, optbHaiiy containing msdta^rs, and methods ^or immobiisjng the sozymes on th^ sensor ar« dssab^ed. 
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BlgSSHSOB. DEVICE 

ThtB in^Bn^xon relates to a biosensor device which 
can be atillsed in a imultt^aftalyte application and ^hlch 
0an enable any one of three different measuririg 
prinQipieSff nairiely surface conductiance^ ar^ercitietrY and 
resistance thermometi:^*' to be employed- 

The dev'ice comprises a pair of sabstantialiy para il el 
electrical conductot^s supported on a surface of electrioal 
insolation materia i* By the words *substantialis^ 
parallel* as t3sed in this specification, it is meant to 
iTsclude arrangements such as a single eleci^r<^<3e which may 
be folded or serpentined to give a parallel arrangement: of 
parts of this condoctor. In addition^ the expression 
includes an arrangement of two separate eiectroa^s which 
co^ld have interdigitated partss* 

with the condeotors sapporfced on the sorfacefah 
analsfte reagent snixture isay be placed thereon thus 
enabling an electrical property of the ana lyte reagent 
miKtare to be meastsred and changes in that electrioal or 
thermal property to he determlBed* 

In a pref erred emboaiiment of the biDsensor device # 
the conduators are laid ^pn tJie surface of a silioon 
chip* 1?his operation m^s effected siisiiitaneousiy with 
the fabrication ^ on the sanie ohipf of ancillary circuitry 
to enable the electrical property measurements or changes 
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to be aeterminedo Sach an arrangement pern^lt^s very small 
pairaiReters or parameter changes to be isiteaay red without the 
influence of fioise, the jpresence of which can be inherejuit 
whan external electrical ci-ccuxtx^ 1b emplaY^d* Farfeherr 
5 the d^yice may inelsade a quantity of an xstsiiobilised 
reageiit material «^hieh Is placed so as to overlie tfee 
contactors* Such a reagent material may be an ensyme 
^hiQh alters the conductance Of a^n a|>j>liea analyte^ a 
redox enzyme enabling ai?iperometrlc detection of a redox 
10 reactiori when a voltage Is appilea across tbe condyctorfe 
in the presence of an analyfce^ or an Btmfm vliicti causes 
local heat changes in an artalyte* 

If the tensor is to be a se a in aiBperoi^e tr xc 
de^teqtionv an iismcfcilisea ^n^yme tjfteredn may contain 
15 eleetron transfer mediators to expedite the diffusion of 
reaction prodacts and of electrons to the conSoctors* 

If tfee ser^sor is to be UiaeiS in resistaBce 
thermometry> tJie conductors ^ay be of nlcfcel or a metal of 
sli^iiar high teisperature coefficient of resistance or a 
20 semiconductor laaterial* 

Tl$e reagent material may form part of an 
etisyme/analyte systeiH applied t.o the sensor to e^nable 
measurements to foe mde, 

Advantageously ^ a further pair of conductors is 
as fabricated in the saisie way and preferably at the same 
time* to act f in use^ as a cont^rol iseans whereby the 



eff ectrs of tei^eratare and other v^arxations may be 
ellisinated^ h aescription of preferrea emboaimesits of 
biosensor dev^ices according to the present invention vrili 

now be given %id.tb reference to tbe ^ccon^panying 
arai6^iiigs# in which? 

Figure i is a diagraismatic cross -sec tion of a 
biosensor aevice according to tfee present indention. 

Figure 2 is a plan v^iew of a part of the device ^ 
shoving the arrangement eieotrical con^uctors^ 

Figure 3 is a dlagraismatic cross --sec tioh of part of 

the sensor device r in use^r 

figure 4 is an electrical circuit diagram of the 
ooij^Diient arraBgeMent recjuirea to make the necesaary 
eisctrical property' sseasurements , 

Figure 5 is a graph of a calibratior^ curve for the 
electrical circuity 

Figure 6 is a graph iilastrating the variation of 
sisrface conauctance witb time for a solafeie isrease/urea 
system in a device ^ccordifig to the present Indention r 

rigore 7 is a graph lliusferatiBg the performance ot 
the sssrface conaactance sensor for an iMiioblli^ea 
tsrease/area sjmt^i^r ^nd 

Figare 8 is a graph illustratint a cpn^arison of utbb 
concentrations in human seruis as determned a hospital 
laboratory testing proeedare and by tlie 
aicrocondactijiietric blosehsor of the im^ention ^ 



The tahzizatlon of tfce preferred devices a^^^^ordlng to 
lihe invention invoi^res the foiipwing main opera-tioris on a 
silicon i#aferr thermal oxid[at:ioni isetallisation? 
I^hotollthography and ^t^hingf sawing; tthip bonding? wire 
bonding and: 0n::apsulat^ion? and deposition of the required 
ensysne/iir^obtlis^tion material* Spme of th^^se operations 
Bake usa of existing semiconductor device fabrication 
techniques o The details are given belpwr*- 

(1) A siiicson wafar is thertealiy Oxidised in a furnace 
losing a standard OKidation process to provide a 
layer appraximateiy SSOrsin in tj^lskness of silioorj 
^ioieide CSiQ2^ sorface. 

(2) A mtiltixssetal coating Is rieKt deposited onto the 
oxidised silicon surface using a standard spotter 
deposition prozess or thermal evaporation ander 
vacuuiTv* Pour aiternatiye pKamples of metallisation 
scheme enipioyed ares 

titanium /gold ^ titan iiM/platifiiM/gold« chroisiiuis/gold 
and cferoitsi im/pl a t in uin/go Id * The thickness of each 
of the metals titaniOTr platinuii^ and c:hromiu2?i ms 
tisaally arQ^;ind iOOnis %rbereas that 4>f gold marled 
S^etween l^QOOnm to 3,30Gnits depending ispdn the 
partx^jalar application* , 

(3) flie required substantxally parallel metal conductor 
tracJcs/patterns lr2QQim to 3?500ni!i thxck and 5,000im 



viae are produced i>y. using fcfe© following 
pbGt:olitfeo§rai>hlc f»r0cess{es) and inetal etching- 
Process fa) ; (Resist: material t.hickn^ ss_a^og^ 

^ small <|oanfcit:y of 3--»sercapto~proj>yl- 
fcrijnethoxy-silane iigui^ {miSt mom by Flake AG, 
Swit2«rlana) was spread on the jsefeailxsed wafer and 
it was then spttn on a siotor-d riven turn table at a 
rate of 5,000 xpm for forfcy s«c©n<3si« resuiting 
layer which was f orsied aGted as a sarfaoe &dh&sim 
promoter* A layer of a positive pb otolith 09 rajJfeic 
resist aat«riai AS13S8H (Boecbst, PE Germany 5 wafe - 
next spread on tiis wafer, it was spun at S,060 rpai 
for forty seconas ana then prebaked in an o^'en at a 
teiaperature of 9(0'*C for twerstyf ive lainufces. Tfee 
wafer was aiignea with the smsk (one repeat pattern 
of which is depicted in Figure 2> on a K3^-ai model 
isask aligner asacbine (Karl Sass, m Germany} ana 
expossa to ultraviolet radiation for eightyfour 
seconds. Photographic development took place In 
"Hicroposit" developer {Hoechst, FR Germany j (at a 
cGncentration of isl in dilution with water) for 
thirtyflve seconas arja the wafer was theft postbaked 
at 90*C for twenty five minutes. 
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Pr oces s jb)^ (Re sist inaterial thickness abpu t. 
6y 30Onmj 

A small quarstity of tJie surfaee adhesion promoter 
HP*fS iigiiid %fas S|>read on ti^ metailisei waf^r and 
5 spun at 4/800 rpm for sixty saeonSs* Uasct;^ a layer of 

resist material aZ4620 CBoeehst|. FR Germany) was 
spr^Bd on the wafer^ it was spurs at S^OQO rpi^ tot 
sixty seconds and fcfeen prebaked at 90 *C fdr thirty 
Hiinutes, The wafer v^^as aiignea^ as iindar process 
(a)^ axposea to ultraviolet raaia^lon for 225 
seconds ? developea in a phofcogrspJiic ae%^eloper K4QQ 
(HQecbst^ FH Germany ) {at a concentration of It 3 in 
dilution witfe itfater) and then postbakea at »S^C for 
thirty Bin a tea - 



The required js^tal patterns %«Fere produced by etchiisg 
isietais through aeveloped resist patt^rris either by 
dry etching techniques such as ion-^beam ii^illxgiig for 
reisovirig all the metals <0Oia,P pXati^um^ titaiiiom, 

20 arid chromium) or fey a comfoinafcion of staiidard «ret 

etchirsg (of goia, titanium and chromium) and 3ry 
etching Cof platinum I technigaes* It is preferred 
to ^mplo^ x^BiBt. deposition process ia) f or %#et 
etching wfellst process (fo) is preferred for dry 

2S etohing* 



The remaining resist laaterial was subsequently 
tremovea dissDivlng in acetone or standard hZ 
resist removes (HoeciiSt* FR Germany ? » ThB silicon 
wat^t: vas feinally sabjectea t6 a washing seqa^rscje 
involving deionised wat^iTf acjetone^ iRethar^dl and 
i^opropyl alcoJioi* 1?iie wafer was then sawed bf a 
stanaard process tio produce discrete slilcoB cMgs 
each one containing one to three surf ace 
dexa ees « 

As depictea in Figure 1, the chip was mQunted on and 
bonded tp^ a stanaard twelve pin T05 header package 2. 
The borsaing was effected using an ^poxy resin Isonding 
material or ip a different embodiisexst a gold/tin 
(SO 5 50) eotedtic solder compos it ion. When solder is 
eiJ^loy^d for bonding^ it is preferable to metallise 
the rear surface of the silicon chip ? tfals improves 
ti^e adhesion to the fceader* The connections to fcfee 
devices Mere made by the theri^ocompressio2> wire 
bonding technique i^B±m iengths of gold ^ire 3 of 
thickness aboat 25,{}Q0nm) secured onto the dev'ice 
pads and pin-heads of the pins 4 of the package 2* 
An open-ended can 6 was welded to the header* Th& 
eleGtrical connections to the devices were tl^en 



enci^pBUlated in a ho&^ of epoKy resin 7 leaving 
exposed an app?ropriate nuinber of tlse parallei 
coa^BCtor networks* 

Figrore 2 shows on a greatly enlarged scale the 
Bicroclrcpit siairfape^ In this embodiment^ t:ha discrete 
silicon chip 1 ear r led three surface devices 8 each of 
which ccsmprised a pair of substantial iy parallel 
electrical cond^etars> It will be seen that each device 
8 la forised of twp lpj>g serpentined electrical contactors 
the t^o en^s of each conductor terminatina in a contact 
pad 9 located on the outer edg^ of th^ chip 1* ThB two 
conductors of each device 8 are serpen tir^ed togetbet* so as 
to provide a portion of ^ach contactor whicii is in a 
substantially parallel relationship with a similar portion 
of the other cGndoctor< 

It will be clear that ±n a different embodiment It 
will be possible to position the electrical cotidi:ictor@ in 
spisie aXternative Manner ^hich will still give the required 
parallei relationship between g>artB of the condisctor?s}* 
One such alterriative construction ^uld be to have an 
interdigitated arrangement. A ^ir^gle electrical 
conductor which was iatd doii?T^ in a serpentine arrangement 
could also be used since the necessary pair of parallel 
conductors could be formed from different parts of the 
same Ksetal strip* 
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rigare 3 shows in a further enlargement a 
cross-^sectional m^w of part of th^ cfeip 1 suj^porfcing the 
electrical contactor areas* 

in this view I, the silicon substrate material 
5 ccnstitutea by the c¥ip i baa a surface layer 11 of - 
sliicoTi aioxias formed on it^B uppersurface. The sarface 
layer 11 is of course an electrical insulation mstef istl 
an^ this serves to support tMe rf^etal alectrical conS actor 
areas 12* tThe view in cross-section allows t^o con^octor 
iQ areas IS ana a ^olaiae of an iBroobillsed ensjyme material 13 
bas t>ee5i placed between these two areas* The area of 
electrodes and emymB material 13 is then covered over 
^ith a Quantity of an analyte 14. 

I SORFACE CmiMCTmCE DEVICE 

15; file miniaturised surface conductance aevice offers 

potential for the Measorement of many Mological 
sai^strates when their coH^lementary enzymes are 
isstmobilisea across the surface of the electrical conductor 
networks* Ensysses are cfeoisen wfeicb their specific 

26 catalytic action generate or consume ionic species and 
thareby lea^S to a change in solution conductance* The 
procediire is generally applicsble to deaminases* amidases^ 



oxidases/ proteases^ ntscl^asasv oth^r fsydrolases 
decarboscylases^ kinases ^ iipasesjr phosphatases and many 
otBer enayiij^s* 

5 For eKample^ tfae ensyme urease ca-talyticaily cleav^es 

a neutral substrate tirea iato positiveiy charged asroohium 
ions and nagatlveiy charged bicarbonate and hydroxy! ionss 

is.re.ase 

(HS^I^^O SM^O ^====^ 2HbJ HCO3 OH^ 

10 ThuSf urease immabilised to the surface of the parallel 

cDndis::tor pattern i#oald enable the presence of iirea in mi 
arxa3^te t:o be detected by obser\?ing conadctance changes 
ineasisrea across the two tracks fef the abo^e pattern 
(Fifiire 3) as the enzy^ne cleaves the tirea* 

IS Construction and Opera tlOB 

The electrical circuit about to hB <3eiscribed ^as 
qesXgn^^ siake use of conventional alternating current 
condyctimetrio ifspnitoripg teehnigiaes iit order to redaoe 
Faradaic processes^ doubie-^layar oharglssg and 
20 concentration polarisation at, the mleroelectrode surfaoe. 

the ooBductanoe blQ^ehsor w^^^ normally operated In a 
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ausi cell configwration =oiaprisihg a reference pair and a 
sassple pair of t|se parallel electriaal conauators* 
Acsoraiagiy* therefore, the circuit aiagrasa as depictea in 
Figtsre 4 shows sonftections for a sa^le sonSttctance 
5 16 which receives an a.c* sigisal fro® a iBonolitfeic 

infcegratea circuit waveform generator 17 mo RSSS39CC from 
RS Components J»t#- , Corby, Northants, SK). An output 
terisisial of the c^ell 16 is connected to a high input 
iRjpedance FET operational amplxfer 18 (ES Coiaponents, 
iS CA3140) and this has a fixed feecibaafc resistor 19 (10 
laegohjns plus or minus 1%> With the ponaustance cell 
f ormirig &n ii^ptst resisfcor* 

hit output signal froxa tfee arapilfier is taken to an 
mS-m conyertfer integrated circuit 21 (SS Cowpomnts Ltd, 

15 ABSeSAJ sacb that the output voltage couia be jsonifeorea on 
a cbart recorder (Gould BS-272) and/or a digital 
jaaXtisseter {Hewlett Fackara 3468A). 

ffee cirsult as just described wouM foe suitable tor 
operation in single cell mo&e^ vitfe the outpat voltage fro® 

ZQ tbe SMS~&C converter circuit 21 being taken directly to 

the Chart recorder. As already mentioned r iiowever* a dual 
cell configurafcion is preferred and thus the circuit of 
Figure 4 includes the sample conductance cell 16 together 
with a reference cell 22, The full circuit uses two 

25 



xcSent;icjal sine wave geiierator l?/tnvertxng opi&ra^ipnai 
^mplif i^i: 18 iinii:s ^±th th^ outpats from tite tMo referen^se 
and saii^ie mS-S>e cjonverters 21 being taken to a 
conventional differential amplifier 23 and tfeence to a 
S £hart re^jot^der/digltai multimeter ootpiit termliial 24* 

ThB hiomnBOT imlls were teisperatiire eqoxlxbrated to 
30 plus or mnus 0 . 1'^C by meaBS of a glass wafeer 3a::ket 
qonneptea to a Julabo 20B heating/circulatlag water batb * 
In opera txpn of the cir::iiit. of Figure 4^ th^ 

10 intearated circuit wa^fefooR generatDrs 17 appi$^ a low 

distortion sine wa^e of fregaenwy IkHs an4 aispiitiida J^aro 
voit^ plus or mlm3S to the saTs^lfe and reference cells* 
The invertlffiLg operational aaijsiif iers 18 provide gain 
ser"^e to ais|?li£y the 3E:^si>on^es from the sells* ^I?he 

15 output signals tvom the asiiplif iers 18 are converted into 
DC voltages via the integrated circait converters 
21 • 

^he instrs^ent ^as calibrated by relating the DC 
otitpat of the miS'^nc converter 21 to recipro^^al ohms 

20 tSlemeBs) connecting low test*erat^re cjoefficlent aboat 
1% toXemnce, S:^25W metal-*fiiis tyge resistors (having 
values between S6k and lOisagohiE^s) a^arosB the sample pair 
of misroeleDtroaes in order to simulate soiutxon 
con^li^stance changes* *Phis calibration procedare 

25 perniitted the oistpiit voltage of the condiicfeance hiosensor 
to foe related to the SVI^iinit^ (Sieitiens) Sieasisrement for 
condactance* 



Figure 5 as a graph of a waltbratxof> curve for the 
eie;:^trxcai circuit irbere the liorisscmtal a^ls ^howm 
Ccmductance {in ml::rdSiemns) against Output Voltage (in 
volts X on the verticai axis* l^e outpyt wltage from the 
ims-^BC SJonvertetr 21 is seen to be linearly related to the 
s^alibration condu;^tance ii^itia a mirrelafcion coeff xcient of 
0>9S8 as deduced by ItBear ^agression analysxs* *rhis 
calibration curve suggests that the outppt voltage from 
the ims-DC converter 21 will be linearly relatea to the 
efeange in ionic strength generated during 0ib initial 
perioa of an enEyme-cratalysed reaction ^ provided tftat the 
basal ionic strength of the buffered solution is low 
enough to permit an adequate signal to baokgrpuna noj^se 
rafcio* For this reasson^ a buffer of lo^ Intrinsic: 
^ondiietan::e^ iiBida20le# wa^ used throyghoiit for the 
useasur^ments* 

Sngy^e XgpDbllxsatxon 

Urease {nrB^ amidohydroiasef EC 3*S*1«S) was 
iMK^biiised tmmr the saisple network by carafuily adding IQ 
mi^^rdlitras of a mixture of egijai volusie^s of ensyna^ {100 
Big/ml)^ boxrine seriam alfoumiii Ci00s59/ml| and glutaraMahyde 
C2*5% by yoloMs} solutio^^^ all ssade op in Sn^ 
imidasole-^BCI buffer^ £>H 7.S» ^^i^ ensyme albumin gel 
forssed after nine or ten isinutes at IQ^C and it wag then 
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washed eschaustlvely with BwM imidazole BCI buff ^r^ pH 

The mieroeiectrDnic eonduct-anee biosensor was 
5 inlt.ially calibrated against known concentrat^ions of urea * 
Imi<3a^oie*-HCi buffer iSwSi 7.5) flSS ssiicrolitr^s) was 
adSed to t;he device egtatlibrated t.o 3Q'^C^ whence? once a 
0t.able baseline had b^en achle^e<3 after a time period of 
fro^ thirty to sixty ^econ^s^ a kiiown aoncentration of 
10 urea {G^-iOOsi^) (20 microlitsr^s) was a<3ded* ^he output: 

voltage fr^OB the differential amplifier 23 was mohltorea 
over a tbree to four minute time period to ensure 
linearity* 

A moaifie^ buffer sblutiosi was used to monitor the 
IS level Si of urea in hupan plasma* The instrupent waB 

salibratea in 5wm is^iaaaole-aci hxit^m: ^ 5 eontalning 

MaCI m.nQ feu^an s^rtm albomin in orSer to 

simulate the backgrDiind coi^ductance antilGipatea from 
2S-foia dilutea hismaB seriiis* Serum saiB^ples of knomn urea 
20 concentrafcion wstxe obtained froia a fiospital laboratory, 
ails3tea 2S-fold in the iJEiaasola/SaCl/albssmli^ buf fer as^d 
assayed for urea in the condnetance biosensor* Onkno^rn 
siinicai sables wmv^ i^terpDiatei2 fr^ a califoratioB 
eofve for uvbsl produced in th^ satme buffer* 
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Th« determination of the eiec trivial condaetiyity of 
sblations «§epenas on the SGCurate meastsrsisent; of tjje 
electrical resistance between two electrodes of defined 
geometry iisaters^sS In the conaactlng solution* the 
aif f ereTitlal mleroeiectronlc contSusttarice bioserisor 
described bere, the device coHiprises Identical pairs of 
miatimetal electrodes fabricated on a silicon sabstrste in 
& plm&r configuration so that these requirements can be 
acfeieyed* 

Soluble Urease/ Ogea Syste;a 

Inittaily cljaracfeerisatlon o£ the ooxidustance 
sfesponse of the simplified solable urease/area sji&tBM was 
obtained. Topical respoases of the urease- loaded 
isosiductance biosensor operating in single cell iRGde to 
several eoJicentratioEis of urea in SjbH iisidaaole-HCl bof f er 

7,S containing 10 micrograiBS per millilitre of urease 
at 30 *C are shown in Figure 6. 

Figure 6 is a grai>h which shows on a vertical axis 
the cell conductance change m mV as j«easared on an 
arbitrary scale with each of the marked ^ariits on the axis 
being eguai to about 20mV. ^e horizontal ajsis iseasures 
elapsed tlise ^ (ib minutes) mS an adaition of urea is 
made to the cell at the time, T equal to zero isihutes* 
•The resaitins straight line responses indicate the change 



in conductance taking place in response to the addition of 
variods gaa^ntities of area ranging fmm 7.5 to 0*i mH» 

ThB responses denionstrate the stability of the 
baseliiie arsd^ after the add it ion of the urea*^ the 
linearity of the output of the instrument o%?er a f iw 
minute period* 1!he responses to any f iv^n spnsentration 
of urea were fo^nd to be reproducible to wltlsln alxsut 1%; 
for eKiampie? at 2*5niH area, the outpot voltage, of the 
RMS~0C converter 21 was 24*0 plus or minus 0* 21 mV^ 
mxTi^^f Whilst mt 1*5 inM urea tba output mm 34*8 plus 
or minus 0* 39 mV. min'*'^^ 

Immobilised gr ease Sys te m 

iS^^ guantity of urease (from aack Sean^ Sigma Chemlcai 
Go*} was iinmobiilsed over the lasetal network by forming a 
i?ross^l inked enzyme •^a lbumin isembrane with gl a tar a idehyde* 

Hie oatpot response of tfee cell to this system 
xs depxcted In Fig^are 7 which is a calibration cur^e for 
urea In Sim xmidasoie*-BCi buffer, pS 7^5 at 30^C in the 
differential i5iode condtictiis^ter with isssictoilised urease 
Figure 7 shows on the vertical ascis the change in cell 
conductance iCC) measured in ii^Sr* lain'"'^ whi^^h Is thus 
the outpist response of the differehtial amplifier 23* On 
th0 hori^Qntal axis# the graph shows ur^a ^concentration 
cue) in the range of 0*1 to lOisH* As in the ca^e of 
soluble 
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ureas® * linear, responses of duratiofi up to f ive SRinotes 
were ofofeained at all urea concentrations* 

Th^ iisisobilisea arease conaactfiajtetric biosensor ©Iso 
respondea fco area present in ser^aa samples, ^he 
5 instri»aent was ctli&ratea In imidazple-HCl bu££«r, pH 
7,5 eosifcaiiiing Am IJaCl a.n^ l,Sg.l~'^ tiuaisB seruss 
albujJiin in order to sljsalate th^ baclcfroand cottductance 
anticipated frojs a 25~fOid aiiutea hmsan seriiin saRjple. 
Serusj samples of known urea concentrations «ere obtained 
10 from a hospital laboratory, ^iiutea in the 

iinidaKole./^aCl/alb«min buffer and assayed for urea in the 
coa<3a cta« ce biosensor . 

•The results are depicted in Figure S, 
Figure S Is a graf^i showing a comparison of urea 
15 concentrations as tested by the hospital laboratory &n& by 
tbe cGndaGtimetrlc biosensor. On tbe vertical axis, tim 
^raj^ sbO*fs urea concentration {GCC) in m as s^asured by 
tiie oilnicai testing ©ethod. On the horizontal axis, the 
urea concentration (BCB) of the sassples as laeasured by 
ao the condactijRetric biosensor is given. 

Figure 8 Sbows tijat there was a linear relationship 
C correlation coefficient greater than fi.99> between the 
area concentrations aeteriaineS with the microelectronic 
aevice ana those obtained from the hospital laboratory. 
25 In all the examples, the sensor was normaily 

operated in the differential laode. An enzyise-ioa^e^ 



albumin me^bx^ane wa^^ cast over the ^sample* pair of 
electrodes but not over tJie * reference* pair^ such that 
sab traction of tha aM|?llf led signals eisanating from th^ 
respective ims--DC coi^ corrects for any 

background signal changes* This simple axpedisnt 
5 ciiretimyents isany of the probiems that cm be associated 
with non-specific variations in basal coMuetivlty of the 
hutSBrs and biological fluids in >?hich si^asuresneats are 
being made* 

It is expected that this miniaturised device anS 
10 associated xnstryBentatioit %?ill find appiicatlon In the 
analysis of urea for in vitro blood analysis , in rerial 
surgef;:^ and in aialysis jsonrtoririg^ tox example* 

li, JU^PEEpMSTRic DEVICE 

15 Tbe anspero^etric isetboa of aetection ostng a aevipe 

according to the inxrention essentially relies on tha 
imposition of a constant >«?oltage across the two parallel 
condactors in the test enviroment.. ^ diff usion current 
whicfe can foe iseasursa flows through tfe^ system* 'This 

20 corrent is the resislt of an el^ctroae reaction taking 

glace qnder the applied voltage due to electron transfer ^^ 
ana is proportional to the coBcentration of the test 
species^ 5:iie parallel pondiisctor^ thus be exploited as 

base electrodes for amperoinetric devices* 

The elect rode reaction may involve directly ttoe 



species being detected or* tnairectly, one of tKe products 
of an enzyme cat^alysed reaction. la the latter case, to 
effect rapi# {dif fttsion-doattoiled S electisoeiiemical 
reactiori* xfe is soiaetlines essential to enigfic>y 
electron transfer iseaiators to delli?€r eXectrons from the 
products to the electrode, me mediators may be provided 
in the ijaHsobiiise<3 enzyme membrane or In the buffer 
solution fonsiing the analyte. !»ie voltage across the 
electrOiSes must be sufficient to caase the desired 
reectiori, exaaple* a redox reaction, to take place. 

It sgjst mot fee so high that it paatses andesired reactions 
to occur at the electrodes* Those skilled ih the art 
will appreciate that this requires the operation of for 
exasBpie an enzyiae electrode (iiomobiiised ensKyme m the 
parallel cosiduetor network) in a potentiostatio laode 
against a suitable reference electrode stscb as a saturated 
caloisei electrode* The test species may be an enzyine 
substrate or product, oof actor or even an oxidation state 
of the enzysae itself . & number of redox enzymes can be 
ased but particularly those active m substrates such as 
jspnosaccharides {glucose, galactose fatty acids , hydroxy 
acMsr amino acids, purines, Krrisaidines , aldehydes, 
thiols, pbe?»ois and steroids. *Htie mediators can be 
physiological or non-physiological, -ffhe latter offer a 
variety of organic. Inorganic and metallo-Drganic redox 
species whie& can be in^obilised m to the electrode 
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surf ace or with its the ^mfm layer. By the judicloas 
choice of rseaistors having specific values of redox 
■pQfcentials, ii: is possibie to overcome problems of 
interference dsae to other eoapetlng electroae reactions^^ 
5 for «x«sjple electroactlve species that are preserit in many 
aafcheBfcic biological analytes, 

1X1. R£SISg?ASiCE THERHCMiETER DEVICE 

Tne use of the folo^etisor device according to the 
10 inveistlon in this isanner is based on the phemmrion of 
the tejaperatijre coefficient of resistasoe of saetals or 
sesiiconaiicfcor materials. fh& parallel obndactors with a 
biological layer thereover can be exploited to monitor 
afosolate te«£>eratore by iseasurlng resistance changes &awn 
15 the lengths Of tbe eondijct Or trades as © funotioa of 

teEapsrature. SickeX cohditctors are preferably employed 
for this purpose since this metal has a parfctcuisrly high 
temperatare coef f ieient of resistance. The catalytic 
action of enzymes, orfanelles or whole cells may generate 
20 local heat changes, either directly or via protonation of 
buffer salts. S«ch changes thus permit the present 
devices to be osed for monitoring the concentrations of 
the Ibioiogicalj substrates of such catalytic astiop by 
s^easuring the differential thermal chaiige. ^his aE^rosch 
25 could be used to monitor a wide range of clinical, 
veterinary, sgrieiilturai, pollution or fermeatatioB 
analyt^s. 
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Thusv a biosensor de\?^ice containing a number o£ 
parallel cpnduct.or jpaths forming resistance network 
patt:errts can be expioited as a iainiaturised multi-anaiyte 
sensor. Fot^ntiai aa\?aiitag©s of this t^e of isuitl sensor » 
5 ir^ addition to simuitaneous analysis of more than one 
mxalftBt inoXudB aiimination; of temperature effects on 
measurements^ measisrement of temperature cfaanges 
additional confirmation of results obtained by two 
isidapenden t technigiies * 
10 It will be appreciated that the invent^lon has been 

descirlbea In dstaii with reference to particular devices 
ana their uses, but tise invention is not to be consider^a 
as being so limited ana variations within t^be scope of 
tbis dxsciosisre are possible* 
15 For instance^ the integrated circuit chip has been 

^Sescribed as being accoismodatea in a stanSara twelve pin 
TO 5 beadier package^ but ^bis type of package is not of 
course essential aiid any siiitable single or mult:ilayer 
chip carrier could alt;ernatiyely be ysetJ* 



i* A biosensor dtvice compriBlng a pair of sabst:antiaiiy 
parallel electrical conSuctors sapportad on a surface of 
electrical irisuiatiion material * and extending tisereover an 
2j22S0blllsed reagent material wfeeie^byy on eisposirsg the 
reagent material to sBalyte, ^mrlations in ^ 
electrical or tfeerm^i citaraoteristic of the 
analyte/r€fagent may hp ^asure^> 

2. A dev^ice as claiitied in Claiis wi^er^ln tise 
Insulatloii siirfiace is a layer of silicon aioxide on th^ 
aisrfaoe of a silicon sabstrat^ and tfee cpnaactors are laid 
thereon an Integratea circuit fa&riciation technique* 

3. A device as claiit^e^l in Clalis 1 or Claimj 2^ comprising 
a plaraiity of the pairs of condat^tors at least one of 
which has a qisatitity of an ijasBobilised reagent material 
extending thereover and the or some of the remaining jsairs 
ar^ exposed so tfeat^ when an analyta is placed thereon ^ 

a basic electrical cbaracteristie of t&e analyte alone can 
be isaasared* 

4> A de^iqe as claimed in Claiia 1 or 2^ wherein a 
plurality of the pMxrs o£ conductors is prov^iaea and at 
least one of the pairs pf conductors is then covered witJi 
a maslclng material ♦ 



A device ms clai^edi In Claim 2 or mx^ claim appendent 
thereto ^ where in electrical circuitry ancillary to the 
rmMBur^ment of t.he ^leci^rlcal characteristic or 
chairacteriatics to be me^.^ared/ is fabricated on the same 
s 11 loon substrate. 

6* A biosensor device cois^risiag a silicon su-bstrate> a 
layer of silicon di05£i3e thereon formirgg a surface of an 
electrical instiiation jaatarial^ at least one pair of 
safostantially parallel ^slectrieal condoctors on tiie 
insaXatipn surface ^ the or at ieast one of the pairs 
presenting an; exposea surface whereon: an iiimobliised 
reagent inaterial and thereafter an analytey or a reagent 
matari^l ar^d an ana ly te miscture may be placed a. 
encapsalatioEi means for protecting the remainder of the 
sil icon Siabst rate? and electrical connection jKieans for 
enablii%9 an electrical Gharacteristie of the reagent arid 
aLSialyte to be measured* 

A device as claisied In any precedirsg elaim^ wherein 
the r^^gent la^aterial is an enzysne. 

8o J. de^^ice as claiised in Claim 7^ further including an 
elecfcr0n transfer mediator in the reagent material* 



9* 1. device as clalised in any preceding claims wherein 
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the electrical characti0rist.ic to be measared is surface 
conductance of the analyte/reagent mixture. 

Xt>* h Sevice as clain^d In any Qtm of Claims i to S 
%?j5$retn the or each pair of cond actors is foriaed of 
rdckel ? n i eke i*-cbroml urn or a semconSuctor material an<3 
tihe electrical character Istic to fee measured is that of 
resistance variation with teiJ^eratare • 

II. A method of fabricating a biosensor device, 
comprising the steps of coating a silicon substrate with 
layer of silioon aioxide to form m surface of elactrical 
ins?slatxon material thereon, laying at least one j>air of 
substantialiY parallel electrical oondactors on the 
ii^si^iatiori s^rface# encapsulating the 4ev^ice so as to 
lea\?e at least one of the pairs exposed* providing a 
qaantlty of an iiimjobiiisea reag^Bt material over the or 
one of the exposed pairs * and forming eieefcrical 
conti^ctions to the or each of the pairs so that^ :xn. use^ 
an electrical eharacteristic of that pair with the 
iimobiiisea i^agent n^aterial thereover cats be si^asarea* 

12 4 A methoa as claimed in Claim 11 ^ %^ereifi the 
isimoblli^ea reagent material incluaes an enz^fme* 

13. II biosensor aevicar substantially as hereinbefore 
deBcrifc^a with reference to ahd as iliustratea in 



any one of Figures 1 to 4 of the ^ccoiisp saying arawings*^ 

14* A m^thoa of fabricating a biosensor ae vice 
substiantiallF as hereinbefore described. 



